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FIELD OF THE INVENTION 
This invention relates to retroviral protease inhibitor 
compounds, pharmaceutical compositions thereof, and a method 
of treating retroviral diseases therewith, including a method 
of treating disease states associated with human 
immunodeficiency virus (HIV-1, HIV-2) . 

BACKGROUND OF THE INVENTION 
Retroviruses, that is, viruses within the family of 
Retroviridae, are a class of viruses which transport their 
genetic material as ribonucleic acid rather than 
deoxyribonucleic acid. Also known as RNA-tumor viruses, 
their presence has been associated with a wide range of 
diseases in humans and animals. They are believed to be the 
causative agents in pathological states associated with 
infection by Rous sarcoma virus (RSV) , murine leukemia virus 
(MLV), mouse mammary tumor virus (MMTV) , feline leukemia 
virus (FeLV) , bovine leukemia virus (BLV) , Mason-Pf izer 
monkey virus (MPMV) , simian sarcoma virus (SSV) , simian 
acquired immunodeficiency syndrome (SAIDS) , human T- 
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lymphotropic virus (HTLV-I, and human lnmrarlodefici 

ZZ- T 1 ' HIV ~ 2, ' which ls the etiol °* ic — * <* ™ 

(acquired immunodeficiency syndrome) and aids related 
complexes, and many others. Although the pathogens have in 
. of these cases, b ee„ isolated, no effective method for 

treating this type of infection has been developed 

Retroviral replication occurs only in host cells. 

viril C prot! thiS rePliCati0 " is «» "on of functional 

vrral proteins. Protein synthesis is accomplished by 
10 translation of the appropriate open reading frames into 
polyprotern constructs, which are processed, at least in 
part, by a viral protease into the functional proteins The 
Proteolytic activity provided by the viral protease L 
processing the polyproteins cannot be provided by the host 

fat"™:* 1 ^ llfS ° f — *™ - 

fact, it has been demonstrated that retroviruses which lack ' 

the protease or contain a mutated form of it, lack 

C^l; T TZ 1 virology - " 5 - 

20 „ „ r ° 2 -' 53 ' 89 9-907(198S) andDebouk me 

metto: oTtf retr ° Viral Pr ° teaSe ' the ~ f °~' a 
method of therapy for retroviral disease. 

™ e us * o* isosteric replacements has been disclosed as 
» hiv-1 ^ " P«-ase inhibitors 0 r 

332, EP-a 346 847, EP-A 342 541, EP-A 352 000, EP-a 393 445 ■ 

ZtZVrJ" ^ ~ " and are Legate! 

/ eEarence - Thes * references disclose dipeptide 
analogs of the natural polyprotein substrates of retrial 

bLTT- discussed therein ' 

bxnd selectively and competitively to retroviral proteases - 
however, the protease is unable to cleave the carLn^carbon 
bond presented to it instead of the scissile amide bond of 

5 Snlb I SUbStratS - ThUS ' SU=h "■*»— are useful for 
^ " ral rePUCati ° n * Activation of t*e protease 
The incorporation of heterocyclic elements in the P3- and vv 
substrate positions of compounds containing a dipeptide 
isostere has been disclosed by deSolms et al., ,. Ld. Cnem 
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34, 2852 (1991) . However, these compounds can be less than 
desirable for obtaining optimal drug delivery in mammalian 
organisms, particularly in humans. Some of these compounds 
can also have a less than desirable serum half-life, and 
therefore duration of action, because they contain amide 
bonds in relatively high proportion, and thus are prone to 
metabolic degradation, hepatic clearance;, or other 
elimination mechanisms. 

There exists a need for novel compounds which inhibit 
retroviral protease activity, and a need for compounds ' which 
possess desirable pharmacokinetic properties, such as for 
good drug delivery, metabolic stability, good serum half- 
life, duration of action and potency. Such pharmaceutical 
uses provide therapies for retroviral diseases in mammals, 
especially in humans, which have been heretofore difficult to 
treat . 



SUMMARY OF THE INVENTION 
The present invention provides compounds, hereinafter 
represented as formula (I), which bind to retroviral 
proteases. These compounds are inhibitors of retroviral 
proteases and are useful for treating diseases related to 
infection by retroviruses. 

The present invention also provides a pharmaceutical 
composition comprising a compound of formula (I) and a 
pharmaceutical^ acceptable carrier. 

The present invention additionally provides a method for 
treating retroviral disease, comprising administering to a 
mammal in need thereof an effective amount of a compound of 
30 formula (I) . 



25 



DETAILED DESCRIPTION OF THE INVENTION 
The compounds of the present invention are illustrated 
by formula (I) ; 
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R' R 2 

rs-^Y^y" 4 

OH R 3 
(I) 

wherein : 

R 1 and R3 are each independently Q, Q-Ci_ 6 alkyl, 
Q-C 2 - 6 alkenyl, Q-C 2 - 6 alkynyl or C^alkyl substituted by one to 
five fluorine atoms, each optionally substituted by r23 ; 

Q is H, C 3 _ 6 cycloalkyl, Cg^cycloalkenyl, Ar or Het 

R 2 is H or OH; 

R 4 is R6-NRH- or C0NRllCHR«R7; 
R 5 is R6-NR11- or rIO-nrII.. 
R 9 



R 6 is 



-i ! H J 



R 9 
i 

N-, 



^ " 



or N* 
X is NRli, o or S; 

R 7 is Q, Q-Ci.galkyl or Q-C 2 _ e alkenyl; 

R 8 is H, OH, halo, N0 2 , COR", CF 3 , Ar, Chalky 1- R 15, or 
Rl7 (R 18 R 19 C)m . 

R 9 and R 11 are H or C 1 _ 4 alkyl; 
R 10 is A-(B) n - ; 

R" is R?, QR7, NR7R11 or an amino acid or amino alcohol; 
B is an amino acid; 
^ A is H, Ar, Het, R" (R i8 R i9 C)nu zr-W, Het-W or 
R 7 (Rl 8 R 19 C)m . W/ Qr phthaioyl each optionally subst . ituted by 
one to three groups chosen from Ri5 or Ci_ 6 alkyl-Ri5 . 

Wis C=0, OC(=0), NRll C (=0), SC(=0), NR^C <=S) S0 2/ 
NR 1 *S0 2 or P (=0) (0R22) , 

R 1 ? is H, nitro, Ci-galkoxy, Chalky lthio, OCC=0)Ri6, 
C=OR22, C02R22, C0N( R 16) 2 , N( R 22) 2 , NHC(=N)NH-A, I, Br, CI, F, 
OR", or OH, provided that when R" is a substituent of the 
carbon adjacent to W, Ri5 is not halogen or OH when W is 
0C(=0) or NHCO; 

R 16 is H or Ci_ 6 alkyl; 

R 17 , R 18 and Rl9 are independently: i) H, Rl5 or 
Ci- 4 alkyl, C 2 -6alkenyl, phenyl, naphthyl, C 3 - 6 cycloalkyl or 
Het, each optionally substituted by one to three R" or 



WO 93/17003 



- 5 - 



PCT/US93/01785 



10 



15 



20 



25 



30 



35 



R 15 -C a _ 6 alkyl groups, or ii) R 17 is as above and (r i 8r19c) are 

joined together to form a phenyl, naphthyl, C 3 - 6 cycloalkyl or 
Het ring, or iii, R 17 is as ^ m ^ Rl8 and R „ togefcher ^ 
—0/ 

R 22 is H, C^alkyl, phenyl or phenyl -C a _ 4 alkyl; 
is -X'-(CH 2 ) q NR24R25, X" [ ( (CH 2 ) r O) 3 ] R 26 
CH 2 X« [( (CH 2)r O) a] R 26/ or benzofuryl, indolyl, azacycloalkyl 
azabicyclo C 7 _ llC ycloalkyl or benzopiperidinyl, optionally ' 
substituted with Ci_ 4 alkyl; 

q is 2-5; 

* is 1-6 and r is 1-3 within each repeating unit s; 

X' is CH 2/ 0, S or NH; 

X" is CH 2 , NR ' , 0, S, SO or S0 2 ; 

R24 and R25 a " i) d-salkyl, optionally substituted by 
OH, d-aalkoxy, or n<R«) 2 , ii, the same or different and 
DOined together to form a 5-7 member heterocycle containing 
up to two additional heteroatoms selected from NR, o, S, SO, 
S0 2 , said heterocycle optionally substituted with C^alkyl 
xxi) aromatic heterocycle, optionally substituted with 
Ci_ 4 alkyl or N(R') 2 ; 

R' is H or Ci_ 4 alkyl; 

R 26 is H, d-.alkyl, C(=0)R27, C <=0)U[ <CH 2 ) m OJnR' , 
P(-O)(0N)2, C0 2 R2 7/ C (=0,NR27 R 28 / where M ^ a ^ J 
divalent metal ion, and U is NR' or 0; 

R 27 is C^alkyi or Ar, optionally substituted with one 
or more hydroxy, carboxy, halo, Cl - 3 alkoxy, C ONR' 2/ NRS, 

^u^jt*' NR,C0R,/ NR,S02Rt ' « 

R 28 is H, d-salkyl or together with R 27 forms a 5-7 
^r e d heterocycle or a 6 Membered heterocycle containing a 
heteroatom selected from N, o and S; 

m is 1-4; and 

n is 0 or 1; 
or a pharmaceutically acceptable salt thereof. 

Also included in this invention are pharmaceutically 
acceptable addition salts, complexes or prodrugs of the 
compounds of this invention. Prodrugs are considered to be 
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any covalently bonded carriers which release the active 
parent drug according to formula (I) in vivo. 

Formula (I) is intended to encompass all unique 
nonracemic stereoisomers which may occur due to the presence 
of asymmetric carbon atoms in the molecule. Such compounds 
may occur as pure enantiomers or diastereomers or as a 
mixture of individual stereoisomers. The definition of any 
substxtuent moiety which may occur more than once in formula 
(I) xs independent of any other occurrence. Combinations of 
substxtuents and/or variables are permissible only if such 
combinations result in stable compounds. 

Compounds of this invention which include acyclic double 
bonds may be present in either the cis (2) or trans (E» 
geometrical configuration with respect to any two 
substituents. All tautomeric forms of the heterocycles, such 
as tetrazole and triazole are also within the scope of this 
xnvention. 

Suitably Ri and R 3 are Cl _ 6 alkyl, Ar- Cl . 6 alkyl, 
Ar-C 2 _ 6 alkenyl, Ar-C^alkynyl, Cl . 6 alkyl optionally 
substituted by one to five fluorine atoms or benzyl 
substituted in the 4-position by R 23. Preferably Rl ±s x 
and R3 is phenylpropenyl or benzyl. 

Suitably R 2 is H or OH. Preferably R 2 is H . 

Preferably R* i s C0NRHchr6r7 . 

Suitably R 5 i s rIO-nrii^ Preferably r5 ±g 
Cx-galkyloxycarbonyl, pyridinylmethyloxycarbonyl or 
aryloxycarbonyl. More preferably R5 is t- 
butyloxycarbonylamino or isopropy loxycarbonylamino . 

Preferably r« i s triazole. 

Preferably r7 is Cl _ 6 alkyl. isopropyl is most preferred 
Suitably R8 is H , Ci-ealkyl, NE 2/ N0 2 or C0R12. 
Preferably R 8 is H. 

Preferably r9 i s h. 

Suitably B is Ala or Val. Preferably m is 0 and B is 
absent . 

Preferably w is OC (=0) . 
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Suitably R23 i s hydroxy-Ci- 4 alkoxy / Ci- 4 alkoxy-Ci_ 4 alkoxy, 
or -0(CH 2 ) 2 NR24r25 # wherein R 24 and R25 are are a 5- or 6- 
membered heterocycle, such as morpholino. 

Representative compounds of this invention are: 
5 <2R,4S,5S,l'S)-6-phenyl-5- (t-butyloxycarbonyl) amino-4- 
hydroxy-N- (1 '-isopropyl-1 (1, 2, 4-triazol-3-yl) )methyl-2- 
phenylmethyl-hexanamide ; 

(2R, 4S, 5S, 1 • S) -6-phenyl-5- (t-butyloxy-carbonyl) amino-4- 
hydroxy-N- (1 '-isopropyl-1 '- (5-methyl-l, 2, 4-triazol-3- 
10 yl ) ) methyl-2-phenylmethyl-hexanamide; 

(2R,4S,5S,l'S)-6-phenyl-5- (t-butyloxycarbonyl) amino-4- 
hydroxy-N- (1 • -isopropyl-1 • - (1-methyi-l, 2, 4-triazol-3- 
yl) ) methyl-2-phenylmethyl-hexanamide; 

(2R, 45,5s, 1 «S) -6-phenyl-5- (t-butyloxycarbonyl) amino-4- 
hydroxy-N- (1 • -isopropyl-1 ■ - (1, 2, 4-triazol-3-yl) ) methyl-2- (1- 
phenylpropyn-3-yl) -hexanamide ; 

(2R, 4S,5S, 1 , S)-6-phenyl-5- (t-butyloxycarbonyl) amino-4- (t- 
butyldimethyl) siloxy-N- (1 • -isopropyl-1 •- (1, 2, 4-triazol-3- 
yl) ) methyl-2- (trans-l-phenylpropen-3-yl) -hexanamide; 
(2R, 4S, 5S, 1 » S) -6-phenyl-5- (t-butyloxycarbonyl) amino-4- 
hydroxy-N- (1 • -isopropyl-1 • - (tetrazol-5-yl) ) methyl-2- 
phenylmethyl-hexanamide; 

(2R,4S,5S,1 'S)-6-phenyl-5- (t-butyloxycarbonyl) amino-4- 
hydroxy-N- (1 '-isopropyl-1 «- (5-nitro-l, 2, 4-triazol-3- 
25 yl) )methyl-2-phenylmethyl-hexanamide; 

(2R, 4S, 5S, 1 • S) -6-phenyl-5- (t-butyloxycarbonyl) amino-4- 
hydroxy-N- (1 '-isopropyl-1 (5-amino-l, 2, 4-triazol-3- 
yl) )methyl-2-phenylmethyl-hexanamide; and 
(2R, 4S, 5S, 1 • S) -6-phenyl-5- (t-butyloxycarbonyl.) amino-4- 
hydroxy-N- (1 • -isopropyl-1 «- (1, 2, 4-triazol-3-yl) )methyl-2- 
(4,4, 4-trifluorobutyl) -hexanamide. 

A preferred compound is (2R, 4S, 5S, 1 'S) -6-phenyl-5- (t- 
butyloxycarbonyl) amino-4 -hydroxy-N- (1 ' -isopropyl-1 '-(1,2,4- 
triazol-3-yl) ) methyl-2-phenylmethyl-hexanamide; 
35 The term ''alkyl " as used herein refers to a straight or 

branched chain alkyl radical of the indicated number of 
carbon atoms. -C 1 - 4 alkyl« as applied herein is meant to 
include methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 



20 



30 
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sec-butyl, tert-butyl; "d-galkyl- includes additionally 
pentyl, isopentyl, 2-methylbutyl, 1-methylbutyl, 2- 
ethylpropyl, neopentyl, n-hexyl 2, 2-dimethylbutyl, 2- 
methylpentyl, and the like. "Alkoxy" refers to an alkyl 
> group of the indicated number of carbon atoms attached 
through a bridging oxygen atom. "Alkylthio" refers to an 
alkyl group of the indicated number of carbon atoms attached 
through a bridging sulfur atom. 

"Alkenyl- refers to a straight or branched hydrocarbon 
Cham of the indicated number of carbon atoms, which contains 
one or more carbon-carbon double bonds at any stable point 
along the chain, such as ethenyl, propenyl, butenyl, 
pentenyl, 2-methylpropenyl, hexenyl, and the like 

"Alkynyl" refers to a straight or branched hydrocarbon 
chaxn of the indicated number of carbon atoms which contains 
a carbon-carbon triple bond at any stable point along the 
chain such as ethynyl, 2- P ropynyl, 2-butynyl, 4-pentynyl, 
2-methyl-3- P ropynyl / hexynyl and the like. 

"Cycloalkyl" refers to a saturated ring group of the 
-dxcated number of carbon atoms, ^cycloaikyf* inches 
cyclooropyi, cyclobutyl, cyclopentyl, cyclohexyl and 
cycloheptyl. "Cycloalkenyl- refers to a saturated ring group 
of the xndxcated number of carbon atoms, having at least one 
endocyclic carbon-carbon double bond. »C 5 - 7 cycioalk e nyi- 
includes cyclopentenyl, cyclohexenyl and cycloheptenyl 

«Aryl», abbreviated as Ar, refers to phenyl or naphthyl, 
optxonally substituted with one to three halo, OH, 
C^alkyl, Cl - 6 alkoxy, Chalky It hio, Chalky lamino, CF 3/ 
amino, N0 2 , carboxy, C^alkylcarbonyl, aminocarbonyl 
C^alkyl-Het, Cl . 6 alkoxy-Het, C^alkyl-phenyl, C^alkoxy- 
Pfcenyl, C^alkyl-, C w alkoxy-, HetC W alkyl-, HetC^alkoxy-, 
pnenylC^alkyl-, phenyl Cl - 6 alkoxy- or phenyloxy. 

As used herein except where noted, the term 
"heterocycle", abbreviated as »Het», represents a stable 5- * 
to 7-membered monocyclic or a stable 7- to 10-membered 
bxcyclic heterocyclic ring, which is either saturated or 
unsaturated, and which consists of carbon atoms and from one 
to three heteroatoms selected from the group consisting of N 
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0 and S, and wherein the nitrogen and sulfur heteroatoms may 
optionally be oxidized, and the nitrogen heteroatom may 
optionally be quaternized, and including any bicyclic group 
in which any of the above-defined heterocyclic rings is fused 
5 to a benzene ring. The heterocyclic ring may be attached at 
any heteroatom or carbon atom which results in the creation 
of a stable structure, and may optionally be substituted with 
one to three halo, OH, alkyl, alkoxy, alkyl-Het, alkoxy-Het, 
alkyl-phenyl , alkoxy-phenyl . 
10 "Amino acid" means the D- or L- isomer of alanine, 

arginine, asparagine, aspartic acid, cysteine, glutamine, 
glutamic acid, glycine, histidine, isoleucine, leucine, 
lysine, methionine, phenylalanine, proline, serine, 
threonine, tryptophan, tyrosine, valine or trif luoroalanine . 
15 In general, the amino acid abbreviations follow the IUPAC-IUB 
Joint Commission on Biochemical Nomenclature as described in 
Eur. J. Biochem., 158, 9 (1984). Usually lipophilic amino 
acids are preferred for the moiety B, for instance, Val, Ala, 
Leu and He. it will be understood that a linkage B-0 refers 
20 to an oxygen atom bonded to the carboxyl group of an amino 

acid, and that a B-N linkage indicates a nitrogen atom bonded 
to the carboxyl group of an amino acid, as in an amide bond 
"Ammo alcohol" refers to an amino acid in which the carboxyl 
group has been reduced to a methylene hydroxy group. 
25 Certain chemical names are abbreviated herein for the 

sake of convenience. Boc refers to the t-butoxycarbonyl 
radical. Cbz refers to the carbobenzyloxy radical. Bzl 
refers to the benyzl radical. Ac refers to acetyl. Ph 
refers to phenyl. BOP refers to benzotriazol-l-yloxy- 
30 tris(dimethylamino)phosphonium hexaf luorophosphate . DCC 
refers to dicyclohexylcarbodiimide . DMAP refers to 
dimethylamin-opyridine. DMSO refers to dimethylsulf oxide . 
HOBT refers to 1-hydroxybenzotriazole. NMM is N- 
methylmorpholine . DTT is dithiothreitol . EDTA is 
35 ethylenediamine tetraacetic acid. DIEA is diisopropyl 

ethylamine. DBU is 1.8 diazobicyclo[5.4.0]undec-7-ene. DMSO 
is dimethylsulf oxide. DMF is dimethyl formamide; Lawesson's 
reagent is 2, 4-bis (4-methoxyphenyl) -1, 3-dithia-2, 4- 



WO 93/17003 



- 10 - 



PCT/US93/0I785 



dlphosphetane-2,4- d isu lt ide and THF is tetrahydrofuran. hf 
refers to hydrofluoric acid and TEA refer, to trifluoroacetic 

The compounds of formula (I) : 



■H 



R 1 R 2 

R 5 ' 

OH R 3 
(U 

wherein R* is co-NR-CHR^, R s is r10r11n _, ^ r3 

are aS defined *» formula (I) , are prepared by 
10 1) (a) coupling a compound of the formula (H) : 

R 1 ' R 2 ' O 

OPr 1 R 3- 
(ID 

with a compound of formula (III) : 
15 HR'N-CHR6'r7' 

(III) 

where Ri', R 2«, r3 . r5 . r6 . 

as defined for fo CTU1 a (I) Bith ^ ^ i^^"*"** 

» « HTLT ^ H " a — ^ and L' is 

yti or a leaving group; or 

(b) coupling a compound of the formula (IV) : 



OPr 1 R 3 " 
(IV) 



25 with a compound of the formula (V) : 

A«-(B') n -L' 
(V) 

wherein A* and B- are as defined in formula (I) witn ^ 
reactive groups protected; or 
30 (c) coupling a compound of the formula (VI.) : 
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R v R 2 " ■ 

h-(b%nr <x ^Y^Y R4 

OPr 1 R 3 " 
(VI) 

with a compound of the formula (VII) : 

A'-L' 
(VTI) 

and, 

2) if appropriate, a coupling agent; and 

3) removing any protecting groups and 

4) forming a pharmaceutical^ acceptable salt thereof. 
The coupling reactions may be accomplished by activating 

the substrate with a reactive functional group, in situ or 
prior to the coupling reaction, such that it is reactive with 
an amino group. For instance, acids may be converted to acid 
chlorides, bromides, activated esters or anhydrides, or by 
15 adding a coupling reagent. Coupling agents are well known in 
the art for activating a functional group in situ. Exemplary 
of such agents are DCC and other carbodiimides, DMAPEC, BOP 
and PPA. These coupling agents may optionally be used with 
other reagents, such a HOBT, NMM and DMAP, which may 
20 facilitate the reaction. 

Suitable leaving groups, L«, are those which are 
displaceable by an amino group, such as bromo, chloro, a 
substituted acyl (eg. trifluoroacetyl, bromobenzoyl, 
nitrobenzoyl) or a substituted phenol (eg. 4-nitrophenol) and 
25 the like. If l- is OH, so that A-OH is an acid, it will be 
appropriate to use a coupling agent as hereinbefore 
described. 

For instance: 

When A is a substituted alkyl group, such as 
30 Ri7 {R l8 R l9 C ) m/ L • may be a bromo, chloro, iodo or an alkyl or 
aryl sulonate. 

When A is R 17 (R 18 R 19 C) m -W, Ar-W or Het-W, and W is C =0, 
A-L' may be a carboxylic acid halide, activated ester or 
anhydride, or a carboxylic acid in the presence of a coupling 
35 agent. Methods for preparing such compounds are well known. 
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When w is O C=0, A-L 1 may be a chloro- or bromo-formate, 
or an activated carbonate. Haloformates may be prepared by 
reacting the appropriate alcohol with phosgene or 
carbonyldibromide. Activated carbonates may be prepared by 
5 reacting the appropriate alcohol with a suitable carbonate 
such as bis (4-nitrophenyl) carbonate. 

When W is S0 2 , A-L ' may be a sulfonyl halide which may 
be prepared from the corresponding sulfonic acid 

When W is SC=0, A-L' may be a halothioformate, which may 
> be prepared from a carbonyldihalide and an appropriate 
mercaptan. 

When w is P0(OR2 2)/ A-L 1 may be a phosphonyl halide, 
which may be prepared from the corresponding phosphonic acid 

Compounds wherein A is (Ri8 R i9 C)m - W/ M or Hefc _ w ' 
and w is NR . c =o are ureas, and may be prepared by reacting a 

r~*cT f :T: (vii) with •* isocyanate ° f f ™ 

C)m - NC0 ' ^"NCO ° r Het-NCO, in a suitable solvent 
such as methylene chloride, optionally with heating 

Compounds of formula (in, , where i n R* is a triazole are 
prepared according to routine method, such as illustrated in 

an d R^ a'nd J. 6 ' 11 13 a rem ° Veable « 

and r and R« correspond to R? and R 8 as defined for formula 

(I), or a group which may be converted into R 7 or R 8, with 

reactive groups protected. Y 

Schema 1 

R 7 " 

^ W A.NH 2 CHaCL^R* t) PMF.A f M oar 

O 3 *2| H 2 N-NH 2 . V N 

The amino carboxamides are generally known or are prepared by 

ZSTi™ 11 ^™ ^ ^ art ' * *~tLg a 

suitably protected cc-amino acid ester with ammonia. Reaction 

of the an a-amino carboxamide with a suitable carboxamide - 

acetal or fcetal yields an acyl amidino intermediate which may 

be further reacted in situ with hydrazine, or a substituted 
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hydrazine, in the presence of an acid to yield the desired 
triazole. For instance, N-ienzyloxycarbonyl-alaninamide may 
be heated with dimethylformamide dimethylacetal to yield N- 
[(N-benzylo X ycarbonyl)alanyl]-formamidine; and further 
reacted with hydrazine and acetic acid to yield 1- 
benzyloxycarbonylamino-1- (1, 3, 4-trazol-2-yl) ethane . Further 
modification of the triazole by alkylation, if desired, may 
be accomplished by routine methods. For instance, the 
triazole may be treated with an alkyl halide. Subsequent 
removal of the amino protecting group yields a compound of 
formula (III) . 

Compounds of formula (III), wherein R* is a tetrazole 
are prepared from a suitably protected a-amino nitrile with 
azide as illustrated in Scheme 2. For instance, 2- 



Pr 2 ^ JL , | N-.i 

R* NaN 3 .NH 4 CI " \,_N 



(benzyloxycarbonyl, amino-butyronitrile may be heated with 
ammonium chloride and sodium azide in anhydrous 
dxmethylformamide to yield the corresponding 1- 
(benzyloxycarbonyl) amino-1- (tetrazol-5-yl) propane 
Subsequent removal of the protecting group, e.g., the 
benzyloxycarbonyl group may be removed by hydrogenation over 

(III) lad SuT t C ^ alySt '- yieldS 3 tetra2ole C0 *P°-d of formula 
(III) . Suitable a-anu.no nitriles may be prepared by routine 

procedures from a-amino carboxamides, such as by dehydration 

of the carboxamide with phosphorous pentachloride . 

Intermediate compounds of formula (VIII) : 

R 7 " 

P^-NR'— ^-R6 
(VTII) 
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wherein Pr* is an amino protecting group, R* is as defined for 
formula (I, and R 7- is as defined for formula (I) with any 

P^r iV H n gr ° U 7. S Pr ° teCted ' are als ° a P^t of this invention. 
Preferably, R 7 is Cl _ 6 alkyl and more preferably C 3 - 6 alkyl 

Suitably, R6 is tetrazol-5-yl or l,3,4-triazol-2-yl, and Pr* 
is H or an arylmethyloxycarbonyl or C^alkyloxy group. 
Benzyloxycarbonyl, wherein the phenyl group is optionally 
substituted with one to three halogen, methoxy, methylthio or 
ci- 4 aiJcyi groups, is representative of the 
arylmethyloxycarbonyl group. 

^ The compounds of formula (II), (i V) and (VI), wherein R* 
as H, are derived from substituted 5-amino-4-hydroxy- 
pentanoic acids, which are prepared, for instance, according 
to Scheme 3. 

SchPmg ? 



Boc-NH 



R 1 

V 



R 1 



Boc-NH 



(OI-Pr) 3 Cm o 
Ph-CH 3 , CH2CI2 



Boc-NH 




OH 



Ac-OH 




■R3 



p-Pi) 2 N-Li 



R 3 -L* 



Boc-NH 



R T 



R* 



1) UOH, H 2 0, MeOH 

2) t-BuMeaSi-CI, imidazole 



.COjjH 




Boc-NH' 

OH A 3 

Other methods for preparing protected S-amino-4-hydroxy- 
20 2,5-disubstituted-pentanoate esters and acids, and the 

corresponding y-lactones, are well known and are disclosed 
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for instance, in Szelke et al., U.S. Patent 4,713,455, Boger 
et al., U.S. Patent 4,661,473, EP-A 0 352 000, Evans et al., 
J. Org. Chem., 50, 4615 (1985), Kempf, j. Org. Chem., 51, 
3921 (1986), Fray et al., J. Org. Chem., 51, 4828 (1986), 
Halladay et al., Tett. Lett., 24, 4401 (1983), Wuts et al., 
J. Org. Chem., 53, 4503 (1988), DeCamp et al., Tett.- Lett., 
32,1867 (1991), and Szelke et al., WO 84/03044, all of which 
are incorporated herein by reference. The substituted 5- 
amino-4-hydroxy pentanoic acids may then be coupled, if 
necessary, via their amino or carboxyl termini to yield the 
compounds of formula (II), (iv) and (VI). 

The compounds of formula (II), (IV) and (VI), wherein R2 
is OH, are also derived by similar methods common in the art 
such as those disclosed in U.S. Patent 4,864,017, and 
15 Thaisrivongs et al., J. Med. Chem., 30, 976 (1987). 

Suitable protecting groups for the amino, hydroxyl, 
carboxylic acid, mercaptan group, and reagents for 
deprotecting these functional groups are disclosed in Greene 
et al., PROTECTIVE GROUPS IN ORGANIC SYNTHESIS, • Second 
20 Edition, John Wiley and Sons, New York, 1991. Deprotection 
indicates the removal of the protecting group and replacement 
with an hydrogen atom. In particular, suitably substituted 
acetyl, benzyl and silyl groups are useful for protecting the 
hydroxyl group. The acetyl group is commonly removed by 
reacting the compound with a base, such as an alkali metal 
hydroxide, in a mixture of an alcohol and water. The silyl 
group, such as trimethyl silyl, dimethyl-t-butyl silyl, and 
t-butyl-diphenyl silyl may be removed by a fluoride reagent, 
such as a tetra-alkyl ammonium fluoride, or by acid 
hydrolysis. The benzyl group may be removed by catalytic 
hydrogenation . 

Suitable protecting groups for the amino group are those 
disclosed by Greene et al., as indicated previously. The 
benzyloxycarbonyl and t-butoxycarbonyl groups are especially 
35 useful amino protecting groups. - 

The present invention includes pharmaceutical^ 
acceptable acid addition salts. Acid addition salts of the 
present compounds are prepared in a standard manner in a 
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suitable solvent from the parent compound and an excess of an 
acid, such as hydrochloric, hydrobromic, sulfuric, 
phosphoric, acetic, maleic, succinic or methanesulf onic. The 
acetate salt form is especially useful. If the final 
5 compound contains an acidic group, cationic salts may be 
prepared. Typically the parent compound is treated with an 
excess of an alkaline reagent, such as a hydroxide, carbonate 
or alkoxide, containing the appropriate cation. Cations such 
as Na + , K+, Ca ++ and NH 4 + are examples of cations present in 
io pharmaceutical^ acceptable salts. Certain of the compounds 
form inner salts or zwitterions which may also be acceptable. 

The compounds of the present invention selectively bind 
to retroviral proteases in the same manner as, the virally 
coded natural substrates of the proteases and compete with 
15 these substrates for protease. This competition serves to 
inhibit viral replication by blocking the formation of 
crucial viral proteins from polyprotein precursors by the 
protease, and hence, to inhibit disease progression in vivo. 

When a compound of the present invention is administered 
to an animal infected or potentially infected with a 
retrovirus, viral replication is inhibited and hence disease 
progression is retarded. Inasmuch as the amino acid 
sequences of the protease binding and peptide bond cleavage 
sites of various retroviruses appear to be highly conserved, 
an inhibitor is likely to be broadly active against more than 
one retrovirus. Also, DNA viruses which are dependant upon 
virally encoded proteases, such as the hepatitis virus, may 
also be susceptible to such treatment. 

The compounds of formula (I) are used to inhibit 
retroviral replication, and are useful in treating mammals, 
particularly human patients, who are infected with 
susceptible retroviruses and require such treatment. The 
method of treating a retroviral disease in a mammal, 
particularly a human, comprises internally administering 
(e.g-. orally, parenterally, buccally, trans-dermally, 
rectally or by insufflation) to said mammal an effective 
amount of a compound of formula (I) , preferably dispersed in 
a pharmaceutical carrier. Dosage units of the active 



20 



25 



WO 93/17003 



- 17 - 



PCT/US93/0I785 



ingredient may be selected by procedures routine to one 
skilled in the art, and are generally in the range of 0 01-50 
mg/kg. These dosage units may be administered one to ten 
tames daily for acute or chronic infection. Preferably the 
5 compound is administered at a level of i-i 0 mg /kg, two to 
four times daily. No unacceptable topological effects are 
indicated when compounds of this invention are administered 
in the above noted dosage range. 

The present invention also provides a method of treatina 
disease states associated with HIV infection or Acquired ' 
immune Deficiency Syndrome (AIDS) , comprising administering 
an effective amount of a compound of formula (I), preferably 
dispersed m a pharmaceutical carrier. 

ind" B rff Clal 6ffeCtS ^ ^ realiZSd by c-acMinistering, 
xndxv.du.lly or in combination, other anti-viral agents witn 

ExLnl 0 T inhiMting C ° m P° Unds ° f the present invention. 
2ZT S I antl " Viral agentS includ * nucleoside analogues, 
Phosphonoformate, rifabutin, ribaviran, phosphonothioall 
oligodeoxynucleotides, castanospermine, dextran sulfate, 
alpha interferon and ampligen. Nucleoside analogues, which 

Z T\ ■ V ' " ideOXyCy t±dine <ddC) ' 2 ' ' 3 ' -i-o^ine ^ 
and 3 -azido-2 ' , 3 • -dideoxythymide (AZT, , are especially 

co S Lo U s -V AZT ^ 3 ^^^^ Sultably ' P^-aceutical 

compositions comprise an anti-viral agent, a protease 

inhibiting compound of the present invention, and a 
Pharmaceutical^ acceptable carrier. 

This invention is also a pharmaceutical formulation 
whxch comprises a compound of formula (I) and a 
Pharmaceutical^ acceptable carrier. Pharmaceutical 
acceptable carriers are well known in the art and are 
disclosed, for instance, in SPROWL'S AMERICAN PHARMACY 
Dittert, L. (ed.), j. B . Lippincott Co., Philadelphia, 1974, 
and REMINGTON * S PHARMACEUTICAL SCIENCES, Gennaro, A. (ed , 
Mack Publishing Co., Easton, Pennsylvania, 1985. 

Pharmaceutical compositions of the compounds of the 
present invention, or derivatives thereof, may be formulated 
as solutions or lyophilized powders for parenteral 
administration. Powders may be reconstituted by addition of 
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a suitable diluent or other pharmaceutical^ acceptable 
carrier prior to use. The liquid formulation is generally a 
buffered, isotonic, aqueous solution, but a lipophilic 

- rT*' SUCh ^ Pr ° PYlene gl * co1 optionally with an alcohol, 
> may be more appropriate for compounds of this invention. 
Examples of suitable diluents are normal isotonic saline 
solution, standard 5% dextrose in water or buffered sodium or 
ammonium acetate solution. Such formulation is especially 
suitable for parenteral administration, but may also be used 
for oral administration or contained in a metered dose ' 
inhaler or nebulizer for insufflation, it may be desirable 
to add extents such as ethanol, polyvinylpyrrolidone, 
gelatin, hydroxy cellulose, acacia, polyethylene glycol, 
mannitol, sodium chloride or sodium citrate. 

Alternately, these compounds may be encapsulated, 
tableted or prepared in a emulsion or syrup for oral 
administration. Pharmaceutical ly acceptable solid or liquid 
carrxers may be added to enhance or stabilize the 

ITZ1T T*' " ^ faCil±tate Potion of the composition. 
Lxquxd carriers include syrup, soy bean oil, peanut oil, 
olive oil, glycerin, saline, ethanol, and water 

L°™ 2in9 ager * S ' SUCh ^ ^^-^oxide, ethanol or 
formamide, may also be added. Carriers, such as oils, 
optionally with solubili zing excipients, are especially 
suitable oils include any natural or synthetic non-ionic 
water-immiscible liquid, or low melting solid, which is 
capable of dissolving lipophilic compounds. Natural oils, 

as P ect S o r^ erideS ^ repre ™ i -' * fact, another 

eZltsL 1 ° n iS 3 tiCal —Potion 

comprising a compound of formula (l> and an oil 

^J 0 ^ CarriCrS inClUde StarCh ' lactose ' ca ^ium sulfate 
d^vdrate, terra alba, magnesium stearate or stearic acid 
talc, pectin, acacia, agar or gelatin. Solubilizing agents 
-ch as dimethylsulfoxide or formamide, may also be ad!" ' 

carrier may also include a sustained release material 
such as g i yceryl monostearate or glyceryl distearate, alone 
or with a wax. The amount of solid carrier varies but 
Preferably, will be between about 20 mg to about- 1 g per 
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dosage unit. The pharmaceutical preparations are made 
following the conventional techniques of pharmacy involving 
milling, mixing, granulating, and compressing, when 
necessary, for tablet forms; or milling, mixing and filling 
5 for hard gelatin capsule forms. When a liquid carrier is 
used, the preparation will be in the form of a syrup, elixir 
emulsion or an aqueous or non-aqueous suspension. Such a ' 
liquid formulation may be administered directly p . 0 ' or 
filled into a soft gelatin capsule. 

For rectal administration, a pulverized powder of the 
compounds of this invention may be combined with excipients 
such as cocoa butter, glycerin, gelatin or polyethylene 
glycols and molded into a suppository. The pulverized 
creTo * C °~ ed With « oily preparation, gel, 

throuah T ' bUffer6d ^ UnbUffe ~ d < -d administerld 
through a transdermal patch. 

The pharmacological activity of the compounds of this 
the Ve rnhiMr y ^ dem0nS " ated b * assays to determine 

Stro cel 7 y T tlVity ° £ Please, by in 

clT " 11Ular - based — W to determine the ability of the 
compounds to penetrate cells and inhibit viral replication, 
and by pharmacokinetic assays to determine oral 
bioavailability, drug half-life, and clearance. Such assays 
are well known in the art. 

ENZYME ACTIVITY 

The ability of the compounds of this invention to 
inhibit the HIV-1 protease enzyme may be demonstrated by 
using the assay disdosed by Dreyer « Proc . „ atJ . Acad _ 

less than 2 jim. The compounds of Examples 3, 
7(b) and 7(c) showed a Ki of less than 250 nM. The compounds 
of Examples 2, 4 and 6 showed a Ki of less than 80 nM. The 
compounds of Examples 1 and 5 showed a Ki of less than 10 nM 
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INFECTIVITY 

The ability of the compounds of this invention to gain 
entry to cells infected with the human immunodeficiency 
virus, and to inhibit viral replication in vitro may be 
5 demonstrated using the assay described by Meek et al 
Nature, 343, 90 (1990), and Petteway et al., Trends " 
Pharmacol Sci, 12, 28 (1991) . The compounds Qf Examples 
4 and 5 showed IC50 of less than 2 um. Examples 1, 

10 CYTOTOXICITY 

Cytotoxicity is assessed by both direct microscopic 
examination of trypan blue stained cells (T-lymphocytes) and 
by the treated culture's ability to metabolize the 
tetrazolium salt XTT (2, 3-bis [2-methoxy-4-nitro-5- 

* -^ophenylj^fi-tetrazolium-S-carboxanilide sodium salt), to 
its f 0 dye. The XTT assay allows determination of the 

50. toxxc concentration of compounds for the cell/virus 
system used. 
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The Examples which follow serve to illustrate this 
invention. ml - - - 



of thi, • ? e EXmples are not to limit the scope 

use 1" ^ "™ Pr0 " ided t0 sh °» h °» f — «d 

use the compounds of this invention. 

„ - , . ^ Exam P les ' ^1 temperatures are in degrees 

b^T SPSCtra " ere PerfOTOed *ast atom 

bomhardment (FAB) or electro-spray (ES , ionization. Melting 
poonts were taken on a Thomas-Hoover capillary melting point 
apparatus and are uncorrected. 

NMR were recorded at 2S0 MHz using a Bruker AM 250 
30 spectrometer, unless otherwise indicated. Chemical shi«-« 
are reported in ppm . ,,, downfield from tetra^l^f * 
Multiplicities for NKR spectra are indicated as: s-singlet 
o-doublet, triplet, g.guartet, m-multiplet, dd-doubllt of 
doublets, doublet of triplets etc. and hr indicates a 
broad signal. J indicates the NMR coupling constant in 
Hertz . 

Celite® is filter aid composed of acid washed 
dxatomaceous silica manufactured by Mansville Corp., Denver, 
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Colorado. Florisil® is an activated magnesium silicate 
chromatographic support and is a registered trademark of 
Florxdon Co., Pittsburgh, Pennsylvania. Sat . indicates a 
saturated solution, eq indicates the proportion of a molar 
5 equivalent of reagent relative to the principal reactant. 

Example 1 
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Y l ))mfthYl-?-phpnv1mpfhvi-h^n ffTT]1f j 



vcarhn ny l ) 
r3- 



methylpropane 

dia.ethylforma.ude dimethyl a cetal (1 . 25 

suspended in 5 mL of anhydrous DMF and heated to 90°C for 15 
-» , and allowed to cool to room temperature. 5mL of glacial 
acet.c acid was added and stirred vigorously at room 

a rrr r :: Anhydrous hydrMine <3 ° 7 »•« -»« » as 

added. A thick precipitate formed immediately. The reaction 
fixture was heated at 90'C for 2 h and cooled to room 

12ZZ7 S M T reaCtiOT miXtUr6 ^ int ° 100 «• ot 
xce water. After approximately 2 h, the white precipitate was 

Altered and dried under vacuum overnight to yield the title 

methanol-water h NMR ,CDC13, 250MHz) 0.90 <dd, 6H, ow 14,6 

^ . 6.02 (br d, 1H, J» 4 Hz), 7.20-7.45 <m, 5H) , 8.07 (s 
1», »«, 275 (M+B , + , 231, 214; 547.2 (2H -H,-, 273 «£,-. 



35 



b) (S) -1- (i, 2 , 4-triazol-3-yl> -l-amino-2 -methylpropane 

oal COmPOUnd ° f EXamPle (255 mg ' °' 93 -»D ^d 10% 

palladxum on carbon (15 mg) was suspended in 25 mL of 

methanol and stirred for 12 h under a hydrogen atmosphere. 

The reaction mixture was filtered through Celite® and 

evaporated to yield the title compound (130 mg, 100 %) . 1 H NMR 
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<CDC1 3 , 250 MHz) 0.90 (dd, 6H, J=6, 1 Hz), 2.12 (m, 1H) , 3.95 
<d, 1,. J=4 Hz), 5.15 (br s , 2H) 8.05 (s, 1H) . 

c) (2R, 4S, 5S, 1 ' S) -6-phenyl-5- (t-butyloxycarbonyl) amino-4- <t- 
5 butyldimethyl) siloxy-N- (1 '-isopropyl-l (l, 2, 4-triazol-3- 
yl ) ) methyl-2-pheny lmethyl-hexanamide 

(2R, 4S, 5S) -2-Benzyl-4- (t-butyldimethyl) siloxy-5- (t- 
butyloxycarbonyl)amino-6-phenylhexanoic acid (1.0 g, 1 89 
mmol)-, BOP reagent (840 mg, 1.90 mmol) , the compound of 
10 Example 1(b) (265 mg, 1.89 nunol, , and diiospropylethylamine 
(538 mg, 4.17 mmol), were stirred in 10 mL of CH 2 C1 2 for 24 
h. The reaction mixture was washed with 10% NaHC0 3 , 
separated, dried (MgS0 4 ) and evaporated to yield a' colorless 
oil. The crude product was purified (silica gel 
15 CH 2 C1 2 /methanol 2%) to yield the title compound' (945 mg, 
77%). 1HNMR (CDC1 3 , 250MHz), 0.05 (s, 6H) , 0.75 (d, 6H, 
J=3Hz), 0.90 (s, 9H), 1.35 (s, 9H) , 1.52-1.80 (m, 2H) , 2.28 
(m, 1H, J=3Hz), 2.50-2.90 (m, 5H) , 3.72 (m, 1H) , 4.00 (m, 
1H), 4.65 (t, 1H, J=3 Hz), 4.73 (d, 1H, J=4 Hz), 6.50 (d, 1H, 
!0 J=3 Hz), 6.90-7.40 (m, 10H) , 7.82 (s, 1H) . 

d) (2R, 4S, 5S, 1 ■ S) -6-phenyl-5- (t-butyloxycarbonyl) amino-4- 
hydroxy-N- (1 ■ -isopropyl-l '-(1,2, 4-triazol-3-yl) ) methyl-2- 
pheny lmethyl-hexanamide 

5 The compound of Example 1(c) (945 mg, 1.45 mmol) was 

dissolved in 10 mL of anhydrous THE. Tetrabutylammonium 
fluoride 1.0 M solution in THE (8.74 mL, 8.74 mmol) was added 
and the reaction mixture was stirred overnight. The solvent 
was evaporated and the residue was redissolved in CH 2 C1 2/ 

» washed with brine, water, separated, dried (MgS0 4 ) and 
evaporated to yield a colorless oil. The crude product was 
purified (silica gel) to yield of the title compound as a 
whxte foam (550 mg, 71%). 1 H nmr (CD30D/ 4 00 MHz) , 0. 65 (d, 
3H, J=3 Hz), 0.85 (d, 3H, J=3 Hz), 1.30 (s, 9H) , 1.55 (t, 1H, 

■ J=3Hz), 1.62, (t, 1H, J=3 Hz) , 1.97 (m, 1H) , 2.50-2.83, (m, 
5H), 3.49, (d, 1H, J=4 Hz), 3.62 (t, 1H, J=2 Hz), 4.72 (d, * 
1H, J=3 Hz,, 6.20 (d, 1H, J=4 Hz), 6.90-7.40, (m, 10H, , 8.12, 
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(br s, 1H);. MS (FAB) 558 (M+Na) +/ 536 (M+H)+; 580 (M+HC0 2 >- 
570 (M+Cl) -, 534 (M-H)-. 

Example 9 

Preparation of f?P 4s ss. 1 ^-s-rH ^ .^.^..^ ,. 



w 4- 

tnazol - Vvl ) ) met hvl -9-nh»n Y i ^ h v1 -h»v a ^ m1 ^ 

a) (S) -1- (5-methyl-l, 2, 4-triazol-3-yl) -1- 
benzyloxycarbonylamino-2-roethylpropane 

N,N-dimethylacetamide (57 mg, 0.65 mmol) was added to a 
solution of trimethyloxonium tetraf luoroborate (100 mg, 0 68 
mmol) in methylene chloride (2 ml) and the reaction stirred 
for 30 min After this time the methylene chloride was 
removed by distillation in vacuo and anhydrous 
dimethyl formamide (3 mL) was added. 

Z-valamide (160 mg, 0.65 mmol) was then added and the 
reaction mixture heated to 90°C for 30 min, cooled to room 
temperature and treated with glacial acetic acid (2 mL) 
followed by hydrazine (21 mg, 0.65 mmol). The resultant* 
solution was reheated to 90°C. After 2 hours, the reaction 
mature was poured into ice water (25 mL) and extracted with 
chloroform (3 X 50 mL) . The combined extracts were dried 
(sodium sulfate), filtered, and concentrated to afford a 
yellow oil. The oil was chromatographed (Silica; 5% 
methanol/methylene chloride) to afford the 5-methyltriazole 
as a white solid (23 mg, 13%) : 

iHNMR (CDC1 3 , 250 MHz) 5 ).85 (d, 3H, J=2 Hz), 0.89 (d, 3H, 
J=2 Hz), 2.14 (m, 1H), 2.42 (s, 3H) , 4.85 (m, 1H) , 5.02' (./ 
2H), 5.38 (bd, 1H, J=7 Hz), 7.38 («, 5H) ; MS (ES/Na+CHOCT) m/e 
312 (M+ Na)+, 290 (M+H)+. 

b) (2R,4S,5S,l«S)-6-phenyl-5-(t-butyloxycarbonyl) amino-4-(t- 
butyldimethyl) siloxy-N- (1 '-isopropyl-1 • - (5-methyl-l, 2, 4- 
triazol-3-yl) ) methyl-2-phenylmethyl-hexanamide 

The methyltriazole of Example 2a (23 mg, 0.08 mmol) in 
methanol (5 mL) was hydrogenated for 1 h at 25°C. (1 atm) in 
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the presence of 10% palladium on charcoal (1 mg) '. After this 
time the mixture was filtered and the solution concentrated 
in vacuo to yield a colourless oil which was dissolved in 
methylene chloride (5 mL) and coupled to (2R, 4S, 5S) -2-benzyl- 
5 4- (t-butyldimethyl) siloxy-5- (t-butyloxycarbonyl) amino-6- 
phenylhexanoic acid (31 mg, 0.071 mmol) by the procedure of 
Example 1(c) to yield the title compound (43 mg, 81%X. 

c) (2R, 4S, 5S, 1 • S) -6-phenyl-5- (t-butyloxycarbonyl) amino-4- 
hydroxy-N- (1 « -isopropyl-1 ' - (5-methyl-l, 2, 4-triazol-3- 
y 1 ) ) methy 1-2-phenylmethy 1-hexanamide 

The compound of Example 2(b) (43 mg, 0.065 mmol) in THF 
(3 mL) was treated with a solution of tetrabutyl ammonium 
fluoride (1M, 250 UL) . The solution was stirred for 12 h, 
15 then concentrated in vacuo Preparative HPLC (4% 

methanol/methylene chloride) yielded the title compound (5 5 
mg, 15%). 1H NMR (CDCI3, 250 MHz) 5 7.1-7.3 (m, 10H) , 5.95 
(brd, 1H), 4.96 (m, 1H) , 4.63 (brd, 1H) , 3.71 (m, 2H) , 2.90 
(m, 4H), 2.67 (d, 2H, J=7.5 Hz), 2.43 (s, 3H) , 2.11 (m, 1H) , 
1.81.(m, 2H), 1.38 (s, 9H) , 1.21 (m, 1H) , 0.91 (d, 3H, J=6 
Hz), 0.83 (d, 3H, J=6.2 Hz); MS (ES, Na+CHOO") m/e 550 (M+H)+, 
548 (M— H) 594 (M+CHOO) - - 
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Example 1 

Preparation of ( ?Fr 4S, SS, ^'S)-«-vh m rt-S-t1■->««■ n nxve .. ftr .■ hnny ■ l , 

amino-4-nydrnxY-ff-n ' -i sonronvi -i '-n-mo^ - T^.^H,^- .- 

V] ) ^mPt-hyT-^-phopvTmAl-hYl - h* van ami Ho 

a) (S)-l- (5-methyl-l, 2, 4-triazol-3-yl) -1- 
benzyloxycarbonylamino-2-methylpropane 

N,N-dimethylformamide dimethylacetal (248 mg, 2.0 mmol) 
was added to a solution of benzyl oxycarbonyl-valinamide (520 
mg, 2.0 mmol) in anhydrous dimethylformamide (3 mL) . The 
reaction mixture was heated to 90°C for 30 min, cooled to 
room temperature and treated with glacial acetic acid (2 mL) 
followed by N-methylhydrazine (97 mg, 3.0 mmol) . The 
resultant solution was reheated to 90°C. After 2 h the 
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reaction mixture was poured into ice water (25 mL) worked up 
in a manner analogous to example 2a to afford the title 
compound as a white solid (102 mg, 20%) • 

% NMR (CDC1 3 , 250 MHz) 8 ,.0.75 <t, 3H,' J=6 .9 Hz) , 0.98 (d 

2H > J=8 ' 7 >' 6-06 (bd, 1H, J=7 Hz) , 7.2S <s, 5H), 7 76 
(s, 1H„ MS(ES/ N a + CHOO-, m/e 312 (M+ Na , + , 290 <M«,V 

b) ^ ^S^S^l.S^G-phenyl-S-a-butyloxycarbonyl, amino-4-(t- 

tnazol-3-yl) ) methyl-2-phenylmethyl-hexanamide 

The compound of Example 3(a) ( 100 mg, 0.35 mmol) in 
-tnanol (5 mL) was hydrogenated for 1.5 h at 25°C. (1 atm) in 

ir nc v f io% paiiad±um ° n ch ™ •*>• ***** 

time the mixture was filtered and the solution concentrated 
« v-cuo to yield a colourless oil which was dissolved in 
methylene chloride (5 mL) and coupled to (2R, 4S, 53, -2-beLyl- 

Z vlhe tyldimethyl) SUOXy " 5 - 't™— arbonyl) ~LT 
Example l( C ,to yield the title comopound (189 mg , 89%). 

hydro^' a 1 • ^ - 6 ~- 5 - ^-butyloxycarbonyl, amino-4- 

TlTZ L , I '—P-Pyl-l ■ - (Imethyl-i, 2, 4-tria 2 ol-3- 

yl) ) ™ethyl-2-phenylmethyl-hexanamide 

The compound of Example 3(b) (ifio m „ n 
raT , ^ e . (D ' (189 m 9r 0.28 mmol) in THF 

m, ouu (u.) . T he solution was stirred for 12 h 
then concentrated in vacuo. Preparative HPLC (3% 
^th»ol/„ethyle n e chloride, yielded the title compound ,96 
-.9. 62%). ! H NMR ,CDC1 3 , 250 MHz) 8 0.73 (d, 3H, , 0 92 

« z'h' t", 6 !' i"" ' S '' 9H '' 1 ' M 2H >' 2 - 13 <*' 2-68 

(t, 1H, J-7), 5.08 (db, 1H, J=7), 6.8-7.4 (m, 10H) , 7 78 I. 
m, MS, ES / N a + CHOO-, „. 550 ««>♦. 548 4 
(M+CHOO)-- 
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Example 4 



5 



10 



15 



20 



Preparation of s S i ',s>-6-ph < >nvi-s-ii-h„i. y1r TrT rrTrh rn .. T ) 

am i no-4-tiYtimyv-w- n ' -i S onmn y1 -i ». n . ? . ^- tri n - r -| 
Y l ) ) methyl -?- n -phenyl nronvn-3-vi i -ho Tfmmn1 ^ 

a) (3R, 5S) - ( (1 ' S) - (t-butyloxycarbonyl) amino-2 ■ -phenylethyl) - 
3- (1 ' -phenylpropyn-3 ' -yl) tetrahydrof uran-2-one 

To a solution of lithium diisopropyl amide (3 .h mL, 2.0 
M in THF; 2.2 equiv) at -78°C under Argon was added (5S)- 
( (1 ' S) - (t-butyloxycarbonyl) amino-2 « -phenylethyl) - 
tetrahydrofuran-2-one (1.0 g, 1.0 equiv.). After 15 min 
stirring, HMPA (1.14 mL; 2 equiv) was added. After an 
additional 10 min, phenyl propargyl bromide (1.28 g/ 2.0 
equiv) was added and the mixture was stirred at -78°C for 2 
h. The reaction mixture was diluted with 3N aq HC1 and 
extracted with CH 2 C1 2 . The organic extracts were 
concentrated to an oil. Chromatography (silica gel, 20% ethyl 
acetate/hexane) provided the title compound as a white solid 
(0.455 g, 33%). 1 H NMR (CDC1 3 , 250 MHz) 8 7.18 (10H, m) , 4.50 

2H, m), 3.93 (1H, q) , 2.79 (5H, m) , 2.23 (2H, m) , 1.24 ( 9H/ 
s) . 



b) (2R,4S,5S) 2-(l-phenylpropyn-3-yl)-4-(t- 
25 butyldimethyl) siloxy-5- (t-butyloxycarbonyl) amino- 6-phenyl 
hexanoic acid 

The titled compound (0.496 g, 84% ) was prepared from 
the compound of Example 4(a) (0.45 g) by the procedure 

,0 ?!f! rib ? d ^ B - E - Gt a1 ' (1985) ' ^ ° r *' Chem. 50, 

30 4615. 1 H NMR (CDCI3, 250 MHz) 5 7 . 49-7 . 10 (10H, m) , 4 . 71 (1H, 

d), 3.94(3H, m), 2.69(4H, ra) , 1.90(2H, m) , 1.31(9H, s) , 
0.89(9H, s), 0.11 (6H, d) . 



35 



c) (2R,4S,5S,l'S)-6-phenyl-5- (t-butyloxycarbonyl) amino-4- (t- 
butyldimethyl) siloxy-N- (1 « -isopropyl-l '-(1,2, 4-triazol-3- 
yl) ) methyl-2- (l-phenylpropyn-3-yl) -hexanamide 

The titled compound (0.177 g, 58%) was prepared from 
(2R, 4S, 5S) -2- (l-phenylpropyn-3-yl) -4- (t -butyldimethyl) siloxy- 
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5-(t-butyloxycarbonyl)amino-6-phenylhexanoic acid (0.25 g) 
and the compound of Example 1(b) by using the coupling 
procedure of Example 1(c). *H NMR (CDCI3, 250 MHz) 5 
7.18 <11H, m), 4.61 (2H, m) , 3.84(2H, m) , 2.60(5H, m) , 1.66(2H, 
m), 1.52 (1H, m), 1.20<9H, s) , 0.84 (9H, s) , 0.77<6H, dd) , 
0.09(6H, d) . 



d) <2R,4S,5S,l«S)-6-phenyl-5-(t-butyloxycarbonyl) amino-4- 
hydroxy-N- (1 '-isopropyl-1 •- (1, 2, 4-triazol-3-yl) )methyl-2- (1- 

10 phenylpropyn-3-yl) -hexanamide 

Deprotection of the compound 4(c) (0.144 g) with 
(n-Bu) 4 NF as described in Example 1(d) provided the title 
compound (0.100 g) in 83% yield. i H NMR (CD3OD, 250 MHz) 6 
7.72UH, S)/ 7.16(10H, m) , 6.04(1H, d) , 3.61 (2H, m) , 3.15(1H, 

15 m), 2.88-2.36(5H, m) , 2.04(1H, ») , l.76(2H f m) , 1.28(9 H/ s) , 
0.94 (1H, m), 0.77 (6H, dd) ; MS: m/z 560.2 (M+H) +, 504 2 
486.2, 460.2, 442.2. * ' 



20 



25 



30 



ExamnlA 5 

Preparation of f?P,4s qs.i »si- g - rV » nv1 - v f r _ 

butyl oxyrnrhonvl ) ami nn-^-hvH, n , Y - M - f1 c „ r ^ ry1 _ 1 n ? 1 

The titled compound was prepared as described in Example 
4, starting except substituting 3-phenyl-pro P -2-enyl bromide 
for phenyl propargyl bromide in step 4(a) . 1 H NMR (CDCI3) 
0.71 (d # J = 7 Hz, 3H), 0.84 (d. J - 7 Hz, 3H) , 1.36 (s, 9H) , 
1.71 (m /2 H), 2.05 <m, IH) , 2.17 (m,lH), 2.34 <m,lH), 2.58 
<m,lH), 2.82 (m,lH), 2.98 (m,lH), 3.29 (m, IH) , 3.35 (m,lH), 
5.93 (m, 1HH) , 6.26 (d, J = 16 Hz,lH), 7.15 <m,10H), 7.70 (br 
S,1H); MS(ES) m/z 562 (M+H+) . 



35 



a m i no-4-bYrtrnxy-N- (T -i 5o r r npvl -1 ■ - <t^r., m -^-y. 1 ^ mTl 
phenvTmPfhyi -h C7mnFmii ^ r 
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a) (S) -1- (tetrazol-5-yl) -l-benzyloxycarbonylamino-2- 
methylpropane 

Sodium azide (290 mg, 4.5 mmol) and ammonium chloride 
(240 mg, 4.5 mmol) were added to a solution of (S)-2- 
5 (carbobenzyloxy)amino-3-methylbutyronitrile (940 mg, 4.1 
mmol) in anhydrous dimethylf ormamide (15 ml] . The reaction 
mixture was heated to 125°C for 28 h, cooled to room 
temperature and treated with 5% hydrochloric acid (5 mL) . The 
dimethylf ormamide was removed in vacuo to afford a resinous 

10 mass which was dissolved in water (5 mL) . The pH of this 

solution was adjusted to pH 9 with 5% NaOH and this solution 
extracted with ether. The pH of the aqueous solution was then 
adjusted to pH 2 with 5% HC1 at which point the tetrazole 
precipitated. The precipitate was collected by vacuum 

15 filtration and washed with ice-water and air-dried to afford 
the title compound (694 mg, 65%) . 3-H NMR (CDC1 3 , 250 MHz) 5 
0.89 (d, 3H, J=3 Hz), 1.03 (d, 3H, J=3 Hz), 2.41 (m, 1H),4.89 
(t, 3H, J=6 Hz), 5.10 (q, 2H, J=9) , 5.88 (brd, 1H, J=6) , 7.33 
(s, 5H); MS (ES/Na + CHOO~) m/e 298 (M+ Na)+, 276 (M+H) +, 274 

20 (M-H)-. 



b) (2R, 4S, 5S, 1 ' S ) -6-phenyl-5- <t-butyloxycarbonyl) amino-4- (t- 
butyldimethyl) siloxy-N- (1 « -isopropyl-1 • - (tetrazol-5- 
yl) ) methyl-2-phenylmethyl-hexanamide 

The tetrazole of Example la (110 mg, 0.35 mmol) in 
methanol (7.5 mL) was hydrogenated for 1 h at 25°C.(1 atm) in 
the presence of 10% palladium on charcoal (12 mg) . After this 
time the mixture was filtered and the solution concentrated 
In vacuo to yield the free amine as a colourless oil (53 mg, 
0.42 mmol, 99%) which was dissolved in methylene chloride (5 
mL) and coupled to (2R, 4S,5S) -2-benzyl-4- (t- 
butyldimethyl) siloxy-5- (t-butylcarbonyl) amino-6- 
phenylhexanoic acid (200 mg, 0.38 mmol) using the procedure 
of Example 1 (c) . Chromatography (silica gel, 3% 
methanol/methylene chloride) yielded the title compound (187 
mg, 76%). lH NMR (CDCI3, 250 MHz) 8 0.08 fe, 3H) , 0.10 (s, 
3H), 0.73 (d, 3H, J=6.5 Hz), 0.84 (d, 3H, J=6.7), 0.92 (s, 
9H), 1.32 (s, 9H), 1.74 (m, 1H) , 2.4-2.9 (m, 7H) , 3.47 (q. 
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1H, J-7.1 Hz), 3.71 (m, 1H) , 3.96 <m, 1H) , 4.76 <bd, 1H, J=9 
Hz), 4.88 <t, 1H, J= 9), 6*78 (bd, 1H, J=9 Hz), 6.9-7.4 <m, 
10H); MS (ES/Na+CHOO") m/e 673 <M+ Na) +, 651 (M+H) +, 649 (M- 
H)~. 

5 

c) (2R, 4S, 5S, 1 1 S) -6-phenyl-5- (t-butyloxycarbonyl) amino-4- 
hydroxy-N- (1 1 -isopropyl-1 ' - (tetrazol-5-yl) ) methyl-2- 
phenylmethyl -hexan amide 

The compound of Example 6(b) (160 rag, 0.25 mraol) in THF 

10 (2 mL) was treated with a solution of tetrabutylammonium 
fluoride (1M in THF, 1.25 mL) . The solution was stirred for 
12 h, and concentrated in vacuo. Preparative HPLC (silica 
gel, 5% methanol /methylene chloride) yielded the title 
compound (27 mg, 21%). Ifl NMR (CD 3 OD, 250-MHz) 8 0.54 (d, 3H, 

15 J-5), 0.73 (d, 3H, J-5), 1.28 (s, 9H) , 1.57 (m, 2H) , 1.95 (m, 
1H), 2.3 - 2.7 (m, 6H) , 3.22 (S, 1H) , 3.38 (m, 1H) , 3.52 (m, 
1H), 4.71 (m, 1H), 5.28 (db, 1H, J=8) , 6.6-7.4 (m, 10H) ; MS 
(FAB) m/e 537 (M+H)+, 559 (M+ CHOO)"- 

Using the procedures analogous to those disclosed above, 
the following compounds were prepared: 

a) (2R,4S,5S, l'S)-6-phenyl-5- (t-butyloxycarbonyl) amino-4- 
hydroxy-N- (1 » -isopropyl-1 ' - (5-nitro-l, 2, 4-triazol-3- 

25 yl ) ) methy 1-2-pheny lmethy 1-hexanamide ; 

b) <2R,4S,5S,l'S)-6-phenyl-5- (t-butyloxycarbonyl) amino-4- 
hydroxy-N- (1 ' -isopropyl-1 '- (5-amino-l, 2, 4-triazol-3- 

yl) ) methy 1-2-pheny lmethy 1-hexanamide; and 

c) (2R, 4S, 5S, 1 «S) -6-phenyl-5- (t-butyloxycarbonyl) amino-4- 
30 hydroxy-N- (l» -isopropyl-1 «-(l, 2, 4-triazol-3-yl) )methyl-2- 

(4,4, 4-trif luorobutyl) -hexanamide . 

Example fl 

A suitable dosage form for oral administration has been 
35 prepared by dissolving the peptide of Example 2 (312.5 mg) in 
dimethyl sulfoxide (1 mL) and diluting to a concentration of 
12.5 mg/mL with soybean oil. The liquid may be encapsulated 
in a suitable soft gelatin capsule for administration. 
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5 



Example Q 

A suitable dosage form for intravenous administration 
has been prepared by dissolving the compound of Example 1 
(0.02 g) in dimethyl sulfoxide (1 mL) and diluting to 20 mL 
with a 70% propylene glycol/30% ethanol solution. 
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What is claimed is: 

1. A compound of the formula (I) : 

R 2 



OH R 3 
wherein: 

R 1 and R3 are each independently Q, Q-d-galkyl 
Q-C 2 - 6 alkenyl, Q-C 2 - 6 alkynyl or C^alkyl substituted by one to 
10 five fluorine atoms, each optionally substituted by R 23 ; 

Q is H, C 3 _ 6 cycloalkyl / C 5 _ 6 cycloalkenyl, Ar or Het' 
R 2 is H or OH; 

R 4 is RG-NRll- or CONRHcHR6r7; 
R 5 is R6-NRH- or rIO-nrII.; 

? 9 R 9 

R6 is N^ R8/ V v Qr -S N .S . 

X is NRll, o or S; 

R 7 is Q, Q-C^alkyl or Q-C 2 _ 6 alkenyl; 
R x 7(Rl R a 8 R xt S C) l: hal °' N ° 2 ' C0R12 ' CF - C^alkyl-R-, or 

20 R9 and Rii are H or C 1 _ 4 alkyl; 

R 10 is A-(B) n - ; 

* 12 is R\ OR?, NR7 R H or an nino ac . d Qr am . no aicohQi; 

B is an amino acid; 

A is H, Ar, Het, R 17 (R 1 ®R 19 C) m/ Ar-W, Het-W or 
25 R" (R 18 Rl9c)m . W/ or pnthaloyl each opt . onally subst . tuted by 

one to three groups chosen from R 15 or Ci_ 6 alkyl-Rl5. 

Wis OO f OC(=0), !IRliC(-0) f SC(=0), N Rll C( = S ,/s0 2/ 
NR"S0 2 or P(=0) (OR22 ); ™ 2 ' 

R 15 is H, nitro, Ci-galkoxy, C^alkylthio, 0<C=0)R" 
C=OR22, c02R 22, C0N(R16, 2/ N(r 22 )2 , NHC (=N)NH-A, I, Br, CI,' F, 
OR", or OH, provided that when r« is a substituent of the ' 
carbon adjacent to W, R is is not halogen Qr QH when w . s 
OC(=0) or NHCO; 

R 16 is H or C^ealkyl; 
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R 17 , R 18 and are independently: i) h, r!5 or 
Ci- 4 alkyl, C 2 - 6 alkenyl, phenyl, naphthyl, C 3 - 6 cycloalkyl or 
Het, each optionally substituted by one to three R« or 
R^-Ci.galkyl groups, or ii) Ri? i s as above and (R" R 19 C) are 
joined together to form a phenyl, naphthyl, C 3 - 6 cycloalkyl or 
Het ring, or iii) R 17 is as ^ Qve and Rl8 ^ r19 tQgether are 
=0; 

R 22 is H, Ci.galkyl, phenyl or phenyl -Ci_ 4 alkyl; 
R23 is -X'-(CH 2 ) q NR 2 4R 2 5, X" [ ( (CH 2 ) r 0) 3 ] R26, 
CH 2 X-t((CH 2)r O) s ]R 2 6 / or benzofuryl, indolyl, azacycloalkyl, 
azabxcyclo C 7 -ncycloalkyl or benzopiperidinyl, optionally 
substituted with Ci_ 4 alkyl; 
q is 2-5; 

s is 1-6 and r is 1-3 within each repeating unit s; 

X' is CH 2 , O, S or NH; 

X" is CH 2 , NR' , 0, S, SO or S0 2 ; 

R 24 and R 2 5 are i) d-galkyl, optionally substituted by 
OH, d-salkoxy, or N(R') 2 , ii) the same or different and 
joined together to form a 5-7 member heterocycle containing 
up to two additional heteroatoms selected from NR, 0, S, SO, 
S0 2 , said heterocycle optionally substituted with C^alkyl, 
iii) aromatic heterocycle, optionally substituted with 
Ci_ 4 alkyl or N(R') 2 ; 

R' is H or Ci_ 4 alkyl; 

R 26 is H, d_ 4 alkyl, C<=0)R 27 , C(=0)a[(CH 2 ) m O]nR', 
P (=0) (0M) 2 , C02R27, C (=0) NR 27 R 28 , where M is a mono or 
divalent metal ion, and U is NR' or 0; 

R 27 is d-ealkyl or Ar, optionally substituted with one 
or more hydroxy, carboxy, halo, d-salkoxy, C0NR' 2 , NR« 2 , 
C0 2 R', S0 2 NR' 2 , CH 2 NR 2 , NR'COR', NR'S0 2 R«, X« [ (CH 2 ) ^ S R« or 
CH 2 X"[(CH 2 ) r 0] s R«; 

R 28 is H, Ci- 6 alkyl or together with R 27 forms a 5-7 
membered heterocycle or a 6 membered heterocycle containing a 
heteroatom selected from N, O and S; 
m is 1-4; and 
n is 0 or 1; 
or a pharmaceutical^ acceptable salt thereof. 
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2. A compound according to claim 1 wherein Rl and R 3 are 
Ci-«alkyl, Ar- Cl - 6 alkyl, Ar-C 2 - 6 alkenyl, Ar-C 2 - 6 alkynyl, 
Ci-ealkyl optionally substituted by one to five fluorine atoms 

5 3. A compound according to claim 1 wherein R< is 
CONR 1 lCHR 6 R 7 . 

4 A compound according to claim 2 wherein R« is triazole 
and R? is Cj.galkyl 

5. A compound according to claim 4 wherein A is 
C 1 _ 6 alkylOC(=0), pyridinylmethyloxycarbonyl or 
arylmethyloxycarbonyl, and r2, r9 and RH are H. 

6. A compound according to claim 1 which is: 

<2R,4S,5S,l-S)-6-phenyl-5-(t-b«tyloxycarbonyl) amino-4- 
hydroxy-N- U -isopropyl-! • - (1# 2 , 4-triazol-3-yl> >,nethyl-2- 
phenylmethyl-hexanamide; 

C2R, 4S, 5S, 1 • S, -6-phenyl-5- (t-butyloxy-carbonyl) amino-4- 
hydroxy-N- (l '-isopropyl-! <5-methyl-l, 2, 4-triazol-3- 
yl) ) methyl-2-phenylmethyl-hexanamide; 

(2R ' 4S '5S,l'S)-6-phen y i-5-(t-butyloxycarbonyl) amino-4- 
hydroxy-N- (1 . -isop^^ , . ^^^, 2 , 4- tr iazol-3- 

yl) ) nethyl-2-phenylmethyl-hexanamide; 

(2R ' 4 ^5S / l. S )-6- P henyl-5-(t-butylox y carbon y l) amino-4- 
hydroxy-N-(l'-isopropyl-l«-n 2 4 -kh„ a1 , ,»/ 

* py 1 -tnazol-3-yl) )methyl-2-(l- 

phenylpropyn-3-yl) -hexanamide; 

H J 2R : 4S,5S ' 1,S) - 6 - phenyl - 5 - (t - but ^o-ycarb 0 nyl,^ 
<t-butyldimethyl> siloxy-N- (1 . -isopropyl-i (1 , 2, 4-triazol-3- 
yl) )»ethyl-2- (trans-l-phenylpro P en-3-yl) -hexanamide; 

<2R, 4S, 5S, 1 >s) -6-phenyl-5- (t-butyloxycarbonyl) amino-4- 
hydroxy- N - (1 • -i SO propyl-l (tetrazol-5-yl, )methyl-2- 
phenylmethyl-hexanamide; 

<2R, 4S,5S, l « S ) -6-phenyl-5- (t-butyloxycarbonyl) amino-4- 
(t-butyldimethyl) siloxy-N- (1 '-isopropyl-l (5-nitro-l, 2, 4- 
triazol-3-yl) ) methyl-2-phenylmethyl-hexanamide; 
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2R, 4S, 5S, 1 • S) -6-phenyl-5- (t-butyloxycarbonyl) amino-4- (t- 
butyldimethyl) siloxy-N- (1 «-isopropyl-l (5-amino-l, 2, 4- 
triazol-3-yl) )methyl-2-phenylmethyl-hexanamide; or 

<2R, 4S, 5S, 1 • S) -6-phenyl-5- (t-butyloxycarbonyl) amino-4- 
5 (t-butyldimethyl) siloxy-N- (1 • -isopropyl-1 (l, 2, 4-triazol-3- 
yl) ) methyl-2- (4,4, 4-trif luorobutyl) -hexanamide. 

7. A pharmaceutical composition comprising a compound 
according to Claim 1 and a pharmaceutical ly acceptable 
10 carrier . 



15 



8 . A method of inhibiting a retroviral protease comprising 
administering an effective amount of a compound according to 
Claim 1. 

9. The use of a compound according to Claim 1 in the 
manufacture of a medicament for treating infection by a 
retrovirus . 



20 10. A method of treating disease states associated with HIV 
infection comprising administering an effective amount of a 
compound according to Claim 1. 



25 



11. A compound of formula (VIII) : 



Pr 2 -NR , - J --R 6 
(VIII) 

wherein, 

Pr 2 is an amino protecting group; 
30 R' is H or Ci_ 4 alkyl; 

R 6 is as defined in claim 1; and 

R 7 ' is as defined in claim 1 with any reactive groups 
protected. 



35 12. A process for preparing a compound of the formula: 
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m- R 2 



OH Ft 3 
(I) 



wherein R< is CO-NR'CHR6r7, R 5 is R io R ii H -, and R i, r2# r3 ^ 
R 6 are as defined in formula (I), 
which comprises, 

1) (a) coupling a compound of the formula (II) : 

R r R 2 " O 

OPr 1 R 3 " 
(II) 

with a compound of formula (III) : 

HR'N-CHR6'r7' 

(III) 

where Ri', R 2', R 3', r5 ., rS . and r7 . are ag ^ 

formula (I) with any reactive groups protected, Pr i is H or a 
hydroxyl protecting group, and L- is OH or a leaving group; 

(b) coupling a compound of the formula (IV) : 

R 1 ' R 2 * 

OPr 1 R 3 " 
(IV) 

with a compound of the formula (V) : 

(V) 

wherein A 1 and B * are as defined in formula (I) with any 
reactive groups protected; or 

(c) coupling a compound of the formula (VI) : 



R 1 ' R 2 " 

H-O^NR" 



OPr 1 R 3 * 
(VI) 
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.< 

with a compound of the formula (VII) : 

A'-L* 
(VII) 

and, 

5 2) if appropriate, a coupling agent; and 

3) removing any protecting groups and 

4) forming a pharmaceutical^ acceptable salt thereof. 
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